Response to reviewers' comments on Kolås and Fer #os-2018-86, «Hydrography, transport and mixing of the West Spitsbergen Current: the Svalbard Branch in summer 2015".
convectively-driven bottom boundary layer mixing ("can be important" instead of "at a rate comparable to that expected from diffusion by eddies"). The suggested mechanism is still a substantial contribution, larger than that expected from the interior diapycnal mixing.
In conclusions: 8. Fig. 10b : Any comment on elevated dissipation rate at ~400m in the third deepest profile (i.e. in the interior) and lack of such a signature in other profiles?
The elevated dissipation rate at 400 m depth is presented in figure 1a below for reference.
Turbulence is due to the high shear ( fig. 1a ) and the corresponding low Richardson number, Ri ( fig.  1b) . The same pattern is again seen at about 670 m depth where the shear is large and Ri is low. The lack of higher dissipation rate at 550 m depth where Ri is less than the critical value of 0.25, is likely due to the one-hour time difference between the current measurements and the microstructure measurements. The shear-induced turbulence within the ocean interior was beside the scope of this article, and therefore we do not include a new figure. Ri = 0.25 and Ri = 1 respectively.
Figure 1. Station A8, the third deepest profile. a) Absolute current velocity (blue) and dissipation rate of TKE (gray). b) Gradient Richardson number (Ri) with red and yellow lines showing

Response to Reviewer 2:
The Thank you for your constructive suggestions. We revised the manuscript and especially improved our discussion. See below for a detailed description of the changes made.
Main comment: Inherent to the your interpretation of the presented results are the assumptions that the current is uniform in the along pathway direction, that there is no temporal variability in the current, and that your observations sampled the current at the same time. This does not hold for two reasons: There is strong mesoscale variability and individual shipboard sections may even capture substantial southward flow in the WSC (e.g. Richter et al 2018 Ocean Science). Therefore, one would not necessarily expect volume conservation between consecutive (in along pathway distance) synoptic sections. Put another way, differences between the transport in consecutive sections do not need to correspond to volume transport loss from the current.
True, we make the assumption that the conditions of the inner branch of the West Spitsbergen Current does not change significantly during the duration of this cruise. We now emphasize this point. Our four repeated stations, each lasting 12 hours or more, do not suggest significant changes, but variability on mesoscale can be substantial. Thanks for bringing up this interesting point! We agree that this should be included in the discussion. The seasonal cycle of 2.5°C (that you mention) was measured at 75 m depth. This is close to the upper limit of our stream tubes, which span from about 50 to 500 m depth. von state that the seasonal cycle at 250 m depth is less than 1°C. Likely the seasonal cycle will decrease even more toward 500 m depth. It is more likely that an average seasonal cycle in our stream tubes is somewhere between 0.5 and 1°C. The mean velocity (0.1m/s) you refer to is what was assumed in other studies (clearly stated in text). The measured mean velocity in our study is 0.15 m/s, then it would take about 13 days to cover 170 km. In addition, it took 5 days from we started Section A until we finished Section C. Thus, over 18 days, the temperature change from the seasonal cycle would be between 0.06 to 0.12°C. The following discussion is amended in response to this comment:
Furthermore, there is a seasonal cycle in the temperature of the WSC and its extension. The maximum in temperature of the Atlantic Water (well below the highly stratified low salinity cap on top of the current) is reached later in the season north(east) of Svalbard (recent A-TWAIN results) compared to
P1|11 Consider adding "We conclude that -at least in summer -convectively-driven bottom mixing…"
Agreed. Changed as suggested.
P1|12 Consider adding "can lead to substantial cooling and freshening of the WSC"
P2|21 Consider adding "These eddies may control"
P2|33
Note that these heat losses (in W/m^2) are dependent on the mean advective speed resp. the residence time of the water in the area of cooling.
Agreed. We added the following at the end of the paragraph. P3, line 1
P4|29 "averaging" Is this averaging in space or in time? Over what distance?
It is averaging in time. The complete term defines the shear variance, and is obtained by integrating the shear wavenumber spectrum. We clarified this as follows:
P5|21 Note that the smoothing does not necessarily remove all ageostrophic motion.
We added:
P5|28 Before this paragraph might be a good time to present the info on how long it took to occupy the individual sections. Is there e.g. contamination from multiple tidal cycles possibly represented incorrectly?
Thank you for the suggestion. We now include this information under section 2, data. (P4, line 1.)
About the contamination from tidal cycles: We use the inverse tidal model AOTIM-5 to remove tides from our current measurements. Sections A and C (lasting about 20 hours) might be affected by multiple tidal cycles, however, we assume detiding accounts for this. Furthermore, while the deep part of the sections (stations deeper than 750 m) take about 12 hours to complete, the core stations (and the shallow measurements) are taken relatively rapidly and hence are less affected by tidal variability. No action taken.
P6|2 Here the consideration of my main comment come into play.
We have amended the discussion in section 4.3 -cooling and freshening. The text from the manuscript is copied under your main comment above.
P6|26 Does this not require that the transport in the stream is exactly constant, not just +-10%?
Yes, it does. Unfortunately, using the gridded sections with 1 km horizontal resolution (section 3.2), we cannot exactly conserve the volume transport for each section. Also, the wider the streamtubes, the larger the transport uncertainties become considering that the LADCP error is ± 3 cm/s. This especially makes the uncertainties of stream tube in Section B large, because it is 61 km wide. This limitation is now clarified in section 3. Revised as suggested.
P10|20
Be consistent with using "-0.20°C" versus "0.20°C" in this paragraph. In the manuscript we now use consistent figures throughout (from abstract to conclusions). For example:
P11|3 "all vertical diffusive … (i.e. directed…)"
Corrected as suggested.
P11|6 "top", "bottom" It is not sure which values you refer to. Quote the numbers in your text.
Agreed. (See also response to your last comment about Fig. 7 .) We now changed the shaded bands indicating the top and bottom boundaries of the stream tube with dashed lines, and now quote the heat fluxes across these boundaries as follows:
P11|17 "If it is not cooled" Does it have to be cooled?
Previous research and ours point to a northward cooling of the West Spitsbergen Current also during summer. It is unlikely that the northward temperature gradient is entirely a seasonal temperature change advected northward (see our response to your main comment). No action taken. Thanks this nice suggestion. These waters are maintained by the coastal current, incorporating meltwater from glaciers, sea ice, and river runoff. Their properties would affect the resulting buoyancy flux. We now include a discussion of these shelf waters on page 13 (continued on page 14) as follows:
P13|18
And also inserted a line on this in the conclusions:
P15|29 This reference appears to be incomplete.
Fixed.
P18 LAIW line: The distinction between ">" and ">=" is meaningless for a continuous distribution.
This distinction is consistent with previous definitions. No action taken.
Fig2/3 The near surface stratification due to salinity is really hard to see in this (Fig2) kind of figure. Consider plotting salinity instead of Fig3. The benefits of Fig3 is not obvious.
We experimented with plotting a figure similar to Fig. 2 , but for salinity. The near-surface stratification due to salinity can only be shown by zooming in near the surface. Figure 3 shows the water masses, which also gives an idea of the stratification. The benefit of a figure showing only the surface stratification is not obvious to us (given the focus of our study, and with stream tubes extending from 75 m depth). No action taken. The presentation of section A, B and C as figure a, b and c is used throughout the article, and we prefer to maintain this consistency. Also, we point out that the vertically-integrated temperature maximum is located landward of the transport maximum, whereas the salinity maximum is not. This is more easily seen when transport, temperature and salinity is in the same subplot. No action taken. The Arctic Ocean contributes to the global ocean thermohaline circulation through exchanges in Fram Strait, which is the main connection to the Atlantic Ocean (Aagaard et al., 1985) . The total volume transport through Fram Strait is 9 ± 2 Sv (1 Sv = 10 6 m 3 s −1 ) northward, and 12 ± 1 Sv southward (Fahrbach et al., 2001; Schauer et al., 2004) . , and changes structure from a mainly barotropic flow to a baroclinic flow (Pnyushkov et al., 2015) . AW transported by the WSC is the major heat and salinity source for the Arctic Ocean (Boyd and D'Asaro, 1994; 1 Aagaard et al., 1985; Rudels et al., 2015) , and Arctic conditions are highly influenced by changes in the AW inflow properties (Polyakov et al., 2017) .
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The circulation of AW in Fram Strait has multiple branches (Fig. 1a) (Boyd and D'Asaro, 1994) . Observations show that the WSC splits into two branches where the isobaths diverge near 5 the YP, an outer branch following the 1000-m isobath, and an inner branch (the Svalbard branch) following the 400-m isobath (Aagaard et al., 1987; Farrelly et al., 1985; Cokelet et al., 2008) . The Svalbard branch has a 40-km wide core with a strong barotropic component, and flows approximately along the f /H contours around Svalbard (Aagaard et al., 1987; Perkin and Lewis, 1984) (f is the Coriolis parameter and H is water depth). The outer branch, however, has a 60-km wide core and does not follow the 1000-m isobath as closely (Aagaard et al., 1987) . Observations suggest that the outer branch splits into three 10 different branches. A part of the flow detaches from the 1000-m isobath and recirculates in Fram Strait, contributing with warm and salty water to the southward flow on the Greenland slope (Aagaard et al., 1987; Farrelly et al., 1985; Beszczynska-Möller et al., 2012; Hattermann et al., 2016 (Perkin and Lewis, 1984; Cokelet et al., 2008; Våge et al., 2016; Meyer et al., 2016) . Acoustically-tracked subsurface floats revealed a shortcut across the YP (Gascard et al., 1995) , through a topographic split (Padman and Dillon, 1991; Perkin and Lewis, 1984) . These eddies :::: may control the amount of the AW recirculation in
Fram Strait, and therefore, play a major role in the salt and heat budget of the Arctic Ocean Hattermann et al., 2016) .
As the AW flows toward the Arctic Ocean, its salinity and temperature properties change as a result of interactions with the atmosphere and sea ice, and mixing with the surrounding waters. Notable studies reporting the observed property changes 25 of WSC are from observations from a winter cruise in January-February 1989 (Boyd and D'Asaro, 1994) , from a fall cruise in October-November 2001 (Cokelet et al., 2008) , and from an analysis of a 50-year hydrography data set , reported for summer (August-October) and winter (March-May) seasons (Saloranta and Haugan, 2004) . Estimates of alongpath freshening of the WSC, measured in the practical salinity scale, are 0.013/100 km in fall 2001 (Cokelet et al., 2008) , and 0.010/100 km in summer (Saloranta and Haugan, 2004) . The summer/fall cooling rate is 0. in summer (Aagaard et al., 1987; Saloranta and Haugan, 2004; Cokelet et al., 2008) and 1050 W m −2 in winter (Saloranta and Haugan, 2004) . The cooling of the WSC stream tube observed in winter 1989 implies approximately 900 W m −2 , limited to a 22-km wide core (Boyd and D'Asaro, 1994 clear. Numerical linear stability analyses using idealized current profile and topography suggest that heat loss contribution from isopycnal diffusion as a result of barotropic instability corresponds to an along-shelf cooling rate of 0.08 • C/100 km (Teigen et al., 2010) . Extension of the analysis to a two-layer model shows that the baroclinic instability occurs, most pronounced during winter/spring, leading to a heat loss reaching 240 W m −2 , from the core of the WSC to atmosphere (Teigen et al., 2011) .
10
All these studies agree that vertical mixing alone cannot account for the observed cooling rates. Fer et al. (2010) conclude that internal-wave activity and mixing show variability related to topography and hydrography; thus, the path of the WSC will affect the cooling and freshening rates the AW experiences. Over the steep slopes and prominent topography of the YP, and over the core of the AW branches, vertical mixing can play an important role in modifying the AW properties (Padman and Dillon, 1991; Meyer et al., 2016; Sirevaag and Fer, 2009 Here we report summer observations of ocean stratification, currents and microstructure from north of Svalbard near the YP, collected during a cruise in August 2015. Using three sections across the WSC, we present the background currents, volume 25 and heat transport, and their evolution along the path of WSC. Vertical mixing and heat loss from the WSC are quantified. The goal of this study is to improve the general understanding of processes modifying the Atlantic Water inflow, into the Arctic Ocean, and describe the importance of vertical mixing versus horizontal processes during summer. We propose that convective mixing in the bottom-boundary layer and the subsequent lateral export of mixed water can make a substantial contribution to the cooling rate of the WSC.
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Data
The data set analyzed in this study was collected from the research vessel ( 
Temperature and salinity measurements
The CTD profiles were acquired using a Sea-Bird Scientific, SBE 911plus system. A 200-kHz Benthos altimeter allowed profiles to within 10 m of the sea bed. The CTD system was also equipped with a WET Labs C-Star transmissometer. Accuracy 10 of the pressure, temperature, and salinity sensors are ±0.5 dbar, ±2 × 10 −3 • C, and ±3 × 10 −3 , respectively. The CTD data are processed using the SBE software following the recommended procedures. Conservative Temperature, Θ and Absolute Salinity, S A are calculated using the thermodynamic equation of seawater (IOC et al., 2010) , and the Gibbs SeaWater (GSW)
Oceanographic Toolbox (McDougall and Barker, 2011).
Current measurements 15
Horizontal current profile measurements were made using the LADCP and SADCP systems. All current measurements are corrected for the magnetic declination. Two 300-kHz Teledyne RD Instruments Workhorse LADCPs were installed on the CTD rosette collecting 1-s profiles in master-slave mode to ensure synchronization. The sampling vertical bin size was set to 8 m for each ADCP. The LADCP data are processed as 8-m vertical averages using both ADCPs and both up and down casts, and using the Lamont-Doherty Earth Observatory (LDEO) Software version IX.12, which is an implementation of the velocity 20 inversion method described in Visbeck (2002) . Profiles are obtained using the constraints from velocities from ship navigation, bottom tracking and SADCP, with a resulting horizontal velocity error less than 3 cm s −1 (Thurnherr, 2010 (Firing et al., 1995) . Typical final processed horizontal velocity uncertainty is 2-3 cm s −1 .
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Microstructure measurements
Ocean microstructure measurements were made using a 2000-m rated VMP manufactured by Rockland Scientific, Canada (RSI). The VMP is a loosely-tethered profiler with a nominal sink velocity of 0.6 m s −1 . The profiler was equipped with pumped SBE-CT sensors, a pressure sensor, microstructure velocity shear probes, one high-resolution temperature sensor, one high-resolution microconductivity sensor and three accelerometers. The processing of the microstructure data is based on the routines provided by RSI (ODAS v4.01) (Douglas and Lueck, 2015) . Assuming isotropic turbulence, the dissipation rate of turbulent kinetic energy per unit mass can be expressed as
where ν is the kinematic viscosity, overbar denotes averaging :: in :::: time, and the ∂u/∂z is the small scale shear of one horizontal velocity component u. from both probes are averaged when they agreed to within a factor of 10. Otherwise, the lower dissipation value is accepted, because larger values can be caused by spikes induced, e.g., by impact with planktons.
Methods
Water masses
We use the classical categorization of water masses in the region, as first defined by Swift and Aagaard (1981) , and later 15 modified by Aagaard et al. (1985) , listed in Table 1 . Note, however, changes in the properties and distribution of the intermediate and deep waters in Fram Strait were observed, and discussed in Langehaug and Falck (2012) . The Absolute Salinity, S A , in Table 1 is calculated from the practical salinity values at 80
• N and 10
• E, and rounded to the nearest hundredth.
Tidal currents and geostrophic currents
The barotropic tidal current components in the LADCP and SADCP profiles are removed using the 5-km horizontal resolution
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Arctic Ocean Tidal Inverse Model, AOTIM-5 (Padman and Erofeeva, 2004) . The tidal transport at specified latitude and longitude coordinates are predicted for the mid-time of the current profiles, and the barotropic tidal current is obtained by dividing by the water depth at that specific location. At the CTD/LADCP stations ( Fig. 1) , where station depth is accurately measured, the measured station depth is used. The water depth elsewhere (for SADCP) is obtained from the International Bathymetric
Chart of the Arctic Ocean (IBCAO) database (Jakobsson et al., 2012) .
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Hydrography and current profiles collected along the three sections are gridded to 2-m vertical and 1-km horizontal distance, using linear interpolation. After uniformly gridding the data, a moving average smoothing is performed using a 10 km × 10 m (horizontal × vertical) window. The smoothing is intended to remove the ageostrophic and gridded and smoothed S A and Θ fields. The reference pressure is chosen so that it is away from frictional boundary layers where ageostrophic currents can be substantial. The absolute geostrophic velocity is then obtained by adding the acrosssection component of the observed currents at the reference level. The observed currents used are the detided LADCP profiles, identically gridded and smoothed as the hydrographic fields for consistency.
Stream tubes
The stream tube of WSC is defined using the absolute geostrophic velocities in the AW layer. The vertical extent of the tube 5 is defined by the AW layer (or sea bed). The :::::::: horizontal : center of the stream tube :: on :: a :::::: section : is defined as the location of the maximum layer-integrated velocity (i.e. transport density, m 2 s −1 ), and assigned x = 0 km (see Fig. 6 and 5). The lateral extent of the stream tube is defined in two alternative ways.
In the first alternative (stream tube 1), the horizontal bounds are identified on either side of the core, as the location where the transport density first drops below a background threshold (solid enclosed curves in Figs 
Heat Change
25
Neglecting molecular diffusion, the rate of change of heat content, q, of a body of fluid is balanced by the mean advection of heat and the eddy heat flux divergence
where u =ū + u is the horizontal velocity, an overbar denotes averaging over several eddy time scales, and primes denote fluctuations. Following the method described by Boyd and D'Asaro (1994) and Cokelet et al. (2008) , we integrate Eq. 2 over a fixed volume, V, to obtain
where eddy fluxes are neglected, and Q and H are the heat flux to the atmosphere and sea ice, respectively. Assuming that the local heat content does not change, the surface heat flux must balance the divergence of heat. Applying the Gauss theorem on the volume integral of the heat advection, yields
where the area integral is taken over the current's cross section A, T is the mean temperature, v is the mean velocity normal to 10 the section, ρ 0 is seawater density and C P is the specific heat capacity. Here, y is the along-path coordinate, and estimated as 
Turbulent heat fluxes
The turbulent heat flux, F H = w T , where w and T are the vertical velocity and temperature fluctuations, can be obtained as down-gradient diffusive flux:
where ∂T /∂z is the mean vertical temperature gradient, K T is the eddy diffusivity for heat, and the averaging and fluctuations apply to turbulent eddy scales (different than in :::: from : Eq.2). Assuming that heat and density diffuse with similar coefficients in a turbulent flow (K T ≈ K ρ ), the diapycnal eddy diffusivity can be obtained from the shear probe data using the Osborn (1980) relation
where Γ is the efficiency coefficient, ε is the turbulent dissipation rate, and N is the buoyancy frequency. The efficiency coefficient is variable and uncertain, but is commonly set to 0.2, which is the recommended value for typical oceanographic applications (Gregg et al., 2018) . The heat flux is calculated from the shear measurements using K ρ with Γ = 0.2 and a vertical scale of 10 m for the background temperature and density gradients.
4 Results and discussion
Hydrography
5
Conservative Temperature and Absolute Salinity distributions in Sections A, B and C, show the changes along the path of the WSC (Fig.2) . The stream tubes defined in Sect. 3 are outlined in the hydrographic sections. Note that Section A is the northernmost and C is the southernmost section, and the horizontal distance is referenced to the location of the WSC core.
Temperatures near surface exceed 6
• C in August, and decrease with depth in all three sections (Fig. 2) . The northern part of Section A is close to the ice edge, and is characterized by cold surface waters. Compared to past observations, the ::::::::: conditions
10
::
in August 2015 conditions were particularly warm, not only near the surface but also in the water column. (Meyer et al., 2016) . A subsurface salinity maximum between 100 m and 400 m depth was found in all three sections, similar to previous studies in this region (Cokelet et al., 2008; Våge et al., 2016; Meyer et al., 2016) . Compared to the climatology, the salinities were higher in all sections :: by ::::::::
0.08-0.12 : g ::::: kg −1 .
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Water mass categorization (see Table 1 for definitions) shows that the AW layer overlaying LAIW extends across all sections (Fig. 3) . A temperature-salinity diagram analysis following Cokelet et al. (2008) (not shown) indicates that the formation of LAIW, UAIW and DW is dominated by atmospheric cooling, i.e., the ratio of heat loss to atmosphere and to sea ice (Q/H) exceeds 5, consistent with previous observations in winter (Boyd and D'Asaro, 1994) and autumn (Cokelet et al., 2008) . In Section C, ASW is transformed by sea ice melting by AW (Q/H = 0). In the sections farther downstream (B and A), the ASW 25 transformation process is complex, affected by mixing of warm and relatively fresh surface water from earlier melting events with the AW in the upper water column.
An objective analysis of temperature and salinity at 100 dbar pressure, indicates that the AW properties extend along the 1000-m isobath northward. The same pattern is seen for the 100-600 m depth-averaged AW properties. However, the AW loses its depth-averaged temperature much faster than its salinity, implying mixing with colder water with similar salinity, such as 
Currents and transport
The spatial distribution of the currents measured by the SADCP helps identify the typical circulation patterns in the study region. Objectively interpolated depth-averaged currents from the SADCP show a well-defined Svalbard branch of the WSC along the 400-m isobath (Fig. 1b) of the Yermak Pass branch. This branch is expected to be variable and weak in summer (Koenig et al., 2017) . Between the Svalbard branch and (possibly) the Yermak Pass branch, a barotropic current is directed southwest, centered at x = −65 km (Fig. 4) . North of the Molloy Hole, the currents are north-northwestward, consistent with the main recirculation route for the warmest AW .
The vertical distribution of the observed geostrophic currents along the sections captures the core of the WSC and its lateral 10 extent (Fig. 4) . The absolute geostrophic current profiles show a strong barotropic component. Sections A and C across the continental slope have a well-defined WSC core with a maximum velocity exceeding 0.3 m s −1 , typically located above the 400-600 m isobath. Section B, on the other hand, extends over the YP.
Vertically-averaged currents, between 50 and 500 m for consistency, are compared between LADCP and SADCP, as well as the AOTIM5 tidal currents (Fig. 5) . While the core of WSC is densely sampled by the LADCP, the coverage in the outer parts 15 of Section C is coarse. SADCP supplements the sampling. Note the segment between x = −10 and −30 km where the rapid lateral decay of the average current is not captured by the LADCP. In Section C, therefore, the stream tube 1 outer limit is identified using the SADCP (Sect. 3.3). The agreement and coverage in other sections is good. While the currents in Sections A and C are substantially more energetic than tides, Section B is characterized by strong tidal currents, particularly over the plateau between x = −30 and −80 km.
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Vertically-integrated currents and averaged temperature and salinity show that while the salinity maximum is approximately co-located with the geostrophic velocity maximum (the core), the temperature maximum is located landward (Fig. 6 ). The depth-integrated velocities (volume transport per unit width) show a substantial peak at the core location (by definition), and an approximately symmetric lateral profile (Fig. 6) . The lateral structure of the transport appears to be related to the location of the core relative to the slope. In sections A and C, the core is located over relatively even slopes, whereas in Section B the steep 25 continental slope abruptly ends on the shallow YP, the current is less constrained with topography, and the volume transport calculations are sensitive to the stream tube boundary definition (Table 2) .
When the volume transport is not constrained between sections, the transport in stream tube 1 is 2.8 Sv at Section C, between the 2600-m isobath and the 300-m isobath. In contrast, the tube in Section C is located between the 1100-m isobath and the 140-m isobath. Furthermore, our observation is synoptic, and day-to-day or week-to-week variations are unknown.
Progressing along path, the volume transport and velocity-weighted average temperature in stream tube 1 are 0.7 Sv and In the alternative definition of stream tube 2, motivated by the well-defined core structure of WSC at Section A, we assume that the transport in Section A (defined by tube 1) is entirely the Svalbard branch, and this volume is conserved upstream at Sections B and C (i.e., stream tubes 1 and 2 are identical in Section A, and the volume transport is approximately 1.3 Sv in Sections B and C). This implies that 2.8-1.3 = 1.5 Sv of AW must be routed to the Yermak Branch :::::: branch after Section C. These 25 figures are consistent with earlier observations and our present understanding of the AW circulation northwest of Svalbard.
Cooling and freshening of the WSC
The along-path cooling and freshening of the WSC inferred from the change of section-averaged (velocity weighted) properties from Section C to A are similar to previous observations in summer and fall. The change of salinity is -0. reported by Cokelet et al. (2008) , and the 50-year mean summer freshening of 0.010/100 km, measured obtained by Saloranta and Haugan (2004) . The northward temperature gradient is -0.20 :::::::::: corresponds :: to : a ::::::: cooling :::: rate :: of :::: 0.20 • C/100 km for stream tube 1, and -0.23 ::: 0.23 • C/100 km for stream tube 2. Cokelet et al. (2008) 
Turbulent heat fluxes
At the time of the cruise, AW was located below the warmer and fresher ASW, and above the colder LAIW. In Section A and C, where AW is above colder LAIW, the vertical heat flux is larger through the top of the AW layer than through the bottom, resulting in net heating (Fig. 7e   5 and 8e). . : The measured average heating of AW (by vertical fluxes alone) from Section A and C is 2 and 1 W m −2 , respectively.
In Section B, the AW layer reaches sea bed, and the negative heat flux at the top of the layer contributes to warming the AW. 
Lateral mixing and convectively-driven bottom boundary layer mixing
If the AW layer is not cooled by vertical mixing, processes such as lateral mixing, shelf-basin exchange, and intrusions of cold shelf water could play a role. Farther downstream, on the East Siberian continental slope, Lenn et al. (2009) argue that lateral mixing with shelf water must be one of the major causes for the observed evolution of the AW boundary current.
A mean current flowing along the slope in the direction of Kelvin wave propagation induces a downslope Ekman transport that advects lighter waters under denser waters, driving diapycnal mixing and extracting potential vorticity (Benthuysen and Thomas, 2012) 20 . Note that in rotating stratified flows over a slope, symmetric instabilities can develop before the flow becomes convectively unstable (Allen and Newberger, 1998) . ::::::: reducing ::: the :::::::: potential ::::::: vorticity ::::::::::::::::::::::::::::::::::::::::::::::::: (Benthuysen and Thomas, 2012; Allen and Newberger, 1998) :
. Using detailed measurements of vertical profiles of turbulence and density through the bottom boundary layer over a sloping continental shelf, Moum et al. (2004) documented energetic convectively driven mixing induced by downwelling Ekman transport of buoyant bottom fluid.
25
Here we propose that convective mixing of the unstable bottom boundary layer on the slope, driven by Ekman advection of density beneath the core of the WSC, followed by the detachment of the mixed fluid and its transfer into the ocean interior (Armi, 1978) can play an important role in the modification of the WSC properties. Vigorous turbulent convection, associated with the generation of localized plumes of rising light fluid, could suspend sediments, leading to intermediate nepheloid layersmiddepth layers of elevated suspended sediment concentration laterally advected into deep water from nearby slopes (McPhee-
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Shaw and Kunze, 2002). Our observations are supportive of this scenario in all three sections, and here we present details from Sections C (Fig. 9) and A (Fig. 10 ).
The WSC core over the slope flows in the direction of Kelvin wave propagation, and the stratification toward the shelf is characterized by less dense, relatively fresh near-bottom waters. A vertical buoyancy flux to drive convection can thus be delivered by downslope Ekman advection of buoyant water across the slope (e.g., Moum et al., 2004) . Concentrated between the 400 and 600-m isobaths, the rate of dissipation is elevated near the bottom 100 m, by two orders of magnitude above the interior levels (Figs. 9 and 10b, vertical columns) . In this segment of the slope, the light transmissivity is largely reduced, and extends offshore across the section (Figs. 9b and 10b, background shading) . The reduction of transmissivity can be interpreted as the increase in concentration of suspended matter in the water, likely in response to vigorous turbulence and convection.
5
The sediment-laden waters are exported laterally and isobarically, and appear to cross isopycnals. The light transmissivity measurements are in situ, not calibrated, and must be interpreted with caution. Nevertheless, the ::::::::: qualitative pattern is consistent and significant in all sections. (Turner, 1973) .
The bulk stratification, N 2 , and shear-squared, S 2 , obtained from the slope of linear fits of density and velocity profiles against depth in the bottom 100 m are 6 × 10 −7 s −2 and 10 −6 s −2 , respectively, resulting in a bulk Richardson number, 
Isopycnal diffusion in an eddy field
In winter, an energetic eddy field diffuses heat along steeply sloping, outcropping isopycnal surfaces, at a rate sufficient to cool 10 the subsurface warm core capped by stratification above (Boyd and D'Asaro, 1994) . In winter, isopycnals in the core outcrop 5-10 km to the west of the core ::::::::::::::::::::: (Boyd and D'Asaro, 1994) , whereas in our summer observations, the σ θ = 27.7 surface, an approximate upper bound of the AW, is relatively flat in the outer part of the sections (Fig.2) . Furthermore, the summer air temperatures are not expected to drive substantial heat loss to the atmosphere. Hence, we do not expect a large contribution from this process in summer. The lateral mixing by eddies, however, can still be substantial, depending on the dynamics of the 15 eddy field and the structure of the isopycnals. The contribution from isopycnal diffusion as a result of barotropic instability could account for approximately 1/3 of the typical along-shelf cooling rate (Teigen et al., 2010) . Baroclinic instability, most pronounced during winter/spring, could lead to a heat loss from the WSC core, reaching 240 W m −2 (Teigen et al., 2011) . Both studies are highly idealized, but suggest that isopycnal diffusion by eddies can be important. Our data set is not sufficient to provide an accurate estimate of the isopycnal diffusion by eddies. conditions, we do not expect heat loss by diffusion along outcropping isopycnals. The lateral mixing by eddies, however, can be substantial, depending on the dynamics of the eddy field and the structure of the isopycnals. While our observations are not 5 sufficient to allow an accurate quantification of the diffusion by eddies, estimates using plausible range of parameters suggest that the contribution from eddies could be limited to one half of the observed heat loss. We propose that energetic convective mixing of the unstable bottom boundary layer on the slope, driven by Ekman advection of density beneath the core of the WSC, followed by the detachment of the mixed fluid and its transfer into the ocean interior can explain : a ::::::::: significant :::: part :: of the remaining heat loss.
10
The WSC core on the slope flows in the direction of Kelvin wave propagation, and the stratification toward the shelf is characterized by relatively Farrelly, B., Gammelsrød, T., Golmen, L. G., and Sjøberg, B.: Hydrographic conditions in the Fram Strait, summer 1982 , Polar Research, 3, 227-238, https://doi.org/10.1111 /j.1751 -8369.1985 .tb00509.x, 1985 Fer, I., Skogseth, R., and Geyer, F.: Internal waves and mixing in the Marginal Ice Zone near the Yermak Plateau, J. Phys. Oceanogr., 40, Table 1 . Water masses as defined by Swift and Aagaard (1981) and Aagaard et al. (1985) . Absolute Salinity (SA) is calculated from the practical salinity (S) at 80 • N and 10 • E, and rounded to the nearest hundredth. interpolated using a covariance function depending on the spatial distance between binned observations and their f /H gradient following Böhme and Send (2005) , using a 50-km correlation length scale and 5% error. 32
